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FOREWORD 


The  raaaareh  raported  in  thii  paper  <ru  accomplished  in  tin  Badiofclclofy  Division, 
under  talk  No.  7757CS  from  November  1&68  to  Novembjr  1W9.  The  report  *u 
aubmittad  for  publication  on  13  March  l£r?0. 

The  Irradiation  of  the  dofa  wu  performed  at  the  TRIGA  Fait  Burat  Realtor, 
Northrop  Corporate  Late- rate riee,  Hawthorne.  Calif.,  and  at  the  White  Sarnia  MUeda 
Ranfa.  N.  Mr  I  DoatmetTv  measurement!  ware  made  by  EG4G,  Inc..  Santa  Barbara, 
Caltf.,  and  by  tha  Radiation  Phyalea  Branch  at  the  School. 

For  their  technical  aaaUtance  the  aatber  i*  tndebtad  to  Robert  E.  Cols  and  Alton 
Rah*  of  tha  Biometrics  Division,  aa  welt  ai  to  Mavter  Serteent  Bu£hea  P.  Roe  of 
tha  Radiobioloo  Division. 

The  antmali  invoked  (n  thia  study  were  maintained  in  accordance  with  tha  “Guide 
for  Laboratory  Animal  Faculties  and  Cars"  aa  published  by  the  National  Academy  of 
Sciencev-National  Reaearch  Gotmeu. 


Thia  report  haa  baen  reviewed  and  ia  apprreved. 


ABSTRACT 


Sixteen  dogi  w«r*  o#«d  to  determine  th#  rtfeet  of  iontrtnr  radiation  on  canine 
locomotion  The  animals  were  run  on  a  treadmill,  at  #peeds  of  3  to  6  m.p.h.  for 
periodi  of  60  to  75  min.,  with  intermittent  reat  periodj,  Microswitehes  were  attached 
to  taeh  dog's  f#et  to  datarmlna  the  downtim*  for  each  foot.  The  radiation  eapcauraa 
ranged  from  386  to  5065  rede  of  neutron-gamma  ratio#  of  i:2G  for  hr.  dogs  and 
for  the  other  ill  aoimela.  The  most  common  oyroptom  after  radiation  aapoaur# 
woe  Tuniitl6f.  Hnweverr  the  eioesia-  did  not  appear  to  he  d  -se  dependent.  AIth.u<h 
change#  tn  the  support  formuta  could  he  demonstrated  after  trradiatftm,  no  statistical 
significance  could  be  applied  because  of  the  limited  number  of  subject#  involved  and 
because  of  the  great  variation  In  eup.sure  levels  and  in  neutron-gamma  ratio#. 


EffftTS  Of  lAWATKfl  ON  CAME  LOCOMOfrM 


I.  INTRODUCTION 

unaZ?  the  rzuhrr  fThtinr*  in  studying  per¬ 
formance  decrement  after  high  doses  of  radi¬ 
ation  is  that  of  gathering  sufficient  data  on 
which  to  base  statistically  significant  conclu¬ 
sions.  This  problem  stems  from  the  long  train¬ 
ing  time  required  to  condition  animals  to 
perform  a  difficult  task  with  a  high  degree  of 
efficiency. 

Although  primates  may  be  the  best  models 
for  man  in  studies  on  the  effects  of  radiation 
on  behavioral  patterns,  another  suitable  animal 
was  sought  as  a  model  from  which  more  data 
could  be  accumulated  in  a  shorter  period  of 
time.  This  animal  was  needed  in  proposed 
research  on  a  function  in  which  changes  in 
muscle  tone,  equilibrium,  or  coordination  tor  a 
combination)  could  not  only  be  detected  after 
irradiation  but  also  recorded  to  allow  accurate 
interpretation  of  minute  changes. 

The  cuggostec  animal  was  the  dog,  and  the 
selected  project  was  the  examination  of  canine 
locnmotiun- — or,  more  precisely,  the  support 
formula,  The  movements  involved  in  locomo¬ 
tion  display  an  extremely  widespread  synergy, 
incorporating  the  whole  musculature  and  the 
entire  moving  skeleton,  and  bring  into  play  a 
large  number  of  areas  and  conduction  path¬ 
ways  of  the  central  nervous  system  (1). 
However,  many  of  the  reflex  movements 
in  maintaining  equilibrium  are  initiated  by 
proprioceptors  in  joints,  muscles,  or  ten¬ 
dons;  and  these  responses  do  not  depend  upon 
either  the  cerebral  cortex  or  the  cerebellum  (2). 
As  has  been  shown  by  slow  motion  photog¬ 
raphy.  a  great  deal  of  variation  exists  between 
animals  for  any  given  gait;  but,  for  the  same 
animal,  little  change  in  locomotion  occurs  from 
day  to  day  (3). 


All  of  the  previous  investigators  who  used 
dogs  on  treadmills  were  seeking  information 
relating  to  blood  changes,  respiration,  or  the 
effects  of  x- Irradiation  on  physical  cx:-rf#«  <4) . 
No  work  has  been  done  wl  ere  locomotion  pat¬ 
terns  or  support  formula?  were  used  to  study 
performance  decrement  after  supraletha)  doses 
of  radiation. 


11.  MATERIALS  AND  METHODS 

Mongrel  dogs  (1  to  2  years  old,  and  weigh¬ 
ing  10  to  20  kg.)  were  trained  to  run  on  a 
treadmill,  'the  dogs  were  started  at  very  slow 
speeds  and  for  short  periods  of  time  until  they 
became  accustomed  to  the  procedure.  They 
were  restrained  on  the  treadmill,  in  a  Plexiglas 
cage,  by  a  harness  snap  attached  to  the  cage 
and  to  a  choke-chain.  The  training  period 
lasted  approximately  two  weeks. 

The  initial  problem,  of  establishing  both  the 
exact  instant  at  which  each  one  of  a  dog's 
feet  touched  the  surface  of  the  treadmill 
belt  and  the  time  period  during  which  each 
foot  was  in  contact  with  the  belt,  was  solved  by 
use  of  a  micruswitch  enclosed  in  3120  RTV  en- 
capeulant  and  prevulc-anized  Silastic  372  (both 
are  produced  by  Dow  Coming  Corp.,  Midland, 
Mich.).  These  switches  were  taped  to  the 
bottom  of  each  foot.  The  signal  device  had 
to  be:  (a)  moisture  proof  (to  resist  vomitus 
and  feces)  ;  (b)  dependable  for  several  hours 
of  use;  and  (c)  capable  of  a  fast  response  time 

The  foot  signals  were  relayed  to  a  monitor 
panel  and  an  oscilloscope  so  that  the  researcher 
could  determine  if  all  switches  were  function¬ 
ing  properly.  The  signals  were  also  relayed 
to  a  tape  recorder  for  future  analysis. 
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Ten  dots  were  irradiated  at  the  Northrop 
Corporate  Reactor  in  July  1969  The  neutron- 
gamma  ratio  wee  about  1:20,  and  the  reepec- 
ttve  dogs  received  the  following  midhead  aoeea : 


Dog  So. 


lit. i# 

( rad$ i 


10  min.  The  animals  were  rested  for  5  min. 
and  the  cycle  was  repeated.  The  radiation 
pulse  occurred  1  min.  after  the  dog  began 
running  the  second  cycle.  Each  animal  was 
run  for  3  periods  (51  min.)  pogtexposure,  or 
until  collapse. 

Six  dogs  were  irradiated  at  th^  White  Sands 
Missile  Range  in  November  I960.  The  neutron- 
garnma  ratio  was  9:1,  and  the  respective  dogs 
received  the  following  midbody  desea: 


Dog  Vo. 


Midbody 
f  rad* ) 
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FIGURE  2 

Resulting  emetic  in  doge  exp  sed  'o  radiation  at  the  White  Sand*  Wteile  Range 
Reactor. 


These  dogs  were  baselined  at  3  rn.p.h.  for 

15  min.  They  were  rested  for  5  min.  and  then 
were  run  for  1  min.  before  irradiation.  Each 
animal  performed  for  4  cycles  <74  min.) 
pcstexposure. 

III.  RESULTS 

The  most  common  symptom  in  the  dogs 
after  irradiation  was  emesis  (figs.  1  and  2). 
Data  on  this  symptom,  observed  in  11  of  the 

16  animals,  are  included  in  table  I. 

Within  each  group  of  dogs,  no  dosc-to 
emesis  relationship  was  apparent.  In  the  high- 
dose  range,  however,  emesis  occurred  at  about 


23  min.  postirradiatiun — and,  in  the  low-dose 
range,  at  52  min.  postirradiation. 

Any  change  m  performance  of  dogs  in  the 
high-dose  group  was  difficult  to  perceive  until 
just  prior  W  an  animal's  collapse.  In  the 
animals  in  the  low-dose  group,  no  change  was 
visible;  but  the  variation  that  occurred  in  the 
support  formula  of  one  dog  (1290  rads)  is 
illustrated  in  figure  3.  This  change  is  typical 
of  all  animals  in  the  low-dose  groups,  except  for 
the  dog  which  received  796  rads. 

Because  of  the  unreliable  reproducibility  of 
the  treadmill-belt  speeds  at  the  Northrop  Re¬ 
actor,  pnw  and  postirradiation  charts  could  not 
be  compared  with  any  degree  of  confidence. 
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FIG  UK E  8 

Cka.tfffM  t*  rant**  pa ( t rm  aftrr  pvntr t  to  f tPO  rm^tm  ( of  #:/  neutron- patnma  radiatier  ), 


TABLE  I 

Summari/  of  data  on  irradiation  of  dog? 


IV.  CONCLUSIONS 


Dog  No. 

Doit 

(  radi) 

Emesis 

(No.  of 
times) 

PottirrarlUtior 
time  (min.) 

la 

5005 

2 

14-20 

1 

-i 

•JOT 

1 

28 

35 

1 

40 

41 

3095 

0 

Down,  at  11 

5  s 

.<215 

1 

20 

&* 

39 as 

4 

13-28 

7t 

310  j 

0 

•26  -  30 

8a 

4  ICC, 

n 

Down  at  26 

9a 

4270 

0 

Down  at  8  and  12 

10a 

3315 

o 

14  -  20 

lb 

1270 

<5 

35-62 

2b 

380 

0 

- 

Sb 

765 

4 

50  -  74 

4b 

1200 

0 

- 

5b 

1290 

1 

50 

6b 

1050 

1 

L 

52 

» —  N  Ttiircp  Corporate  Lateral.;  ri*» 
b  —  ai  Siiidt  Miu:li  Ranf* 


According  to  the  results  of  this  research, 

minor  changes  in  the  canine  support  formula 
occurred  after  the  dogs  received  aupraJethai 
doses  of  radiation.  The  animais  which  col¬ 
lapsed  after  high-radiation  exposure  showed 
little  change  in  locomotion  involving  equilib¬ 
rium.  No  staggering  or  crumbling  was  ob¬ 
served  in  the  animals  until  just  prior  to  their 
collapse. 

Only  one  animal  that  went  down  waa  able 
to  get  up  and  perform  after  a  short  rest  period. 
This  dog  worked  for  about  2  min.  before  col¬ 
lapsing  again. 

In  these  two  experiments,  no  statistically 
significant  data  were  collected  concerning  the 
effects  of  ionizing  radiation  on  canine  loco¬ 
motion:  but  the  technics  and  methodology'  for 
measuring  the  minute  changes  in  locomotion 
patterns  were  successful  and  may  be  applied 
to  other  experimental  designs.  Another  im¬ 
portant  aspect  of  these  experiments  was  the 
production  of  emesis. 
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